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$\{\begin{array}{l}(\frac{\partial}{\partial t}-(\nabla\phi\cross e\gamma\cdot\nabla)\Delta\phi=-\frac{c_{1}}{n}*\frac{\partial^{2}}{\partial x_{3}^{2}}(\phi-n)+c_{2}\triangle^{2}\phi,(\frac{\partial}{\partial t}-(\nabla\phi\cross \cdot\nabla)(n+\log n^{*})=-\frac{c_{1}}{n}*\frac{\partial^{2}}{\partial x_{3}^{2}}(\phi-n)\end{array}$ (1)
($HW$ ). $B=B_{0}\vec{e}$ $n^{*}=n^{*}(|x’|)$
$(x=(x_{1}, x_{2}, x_{3})=(x’, x_{3}))$ $B_{0}$ : $\vec{e}=$
$(0,0,1)$ . $c_{1}$ : $c_{2}$ :
2005 Das, Sen, Kaw, Benkadda and Beyer Rayleigh-Taylor
$\{\begin{array}{l}(\frac{\partial}{\partial t}-(\nabla\phi\cross\overline{e})\cdot\nabla)\Delta\phi=-\frac{c_{1}}{n}*\frac{\partial^{2}}{\partial x_{3}^{2}}(\phi-n)+c_{2}\triangle^{2}\phi,(\frac{\partial}{\partial t}-(\nabla\phi\cross . \nabla)(n+\log n^{*})=-\frac{c_{1}}{n}*\frac{\partial^{2}}{\partial x_{3}^{2}}(\phi-n)+D\Delta(n+\logn^{*})\end{array}$ (2)
$D$ :
(2) (1) 2011 Kondo and Tani
([9]) 3 (2) (1)
2011 Kondo and Tani ([10], [11])
$*1$ MHD MHD
([19]). $HW$
$MHD$ Hall Ion-slip 1995 Mulone
and Solonnikov([15])
65
[9] $HW$ (1) apriori
$(c_{1}arrow\infty)$ $HW$
$HW$
$\omega\cross R\cross(0, \infty)$ (2) (1)
$\{\begin{array}{l}\phi(x,O)=\phi_{0}(x) , n(x, O)=n_{0}(x) for x\in\Omega,\phi(x, t)=\Delta\phi(x, t)=n(x, t)=0 for x\in\Gamma, t>0\end{array}$ (3)
$\vec{e}$ Stepanov (Stepanov :
$p$ ). $\Omega=\omega\cross R,$ $\omega=\{x’=(x_{1}, x_{2})\in$







Foias ([6], 3 ), 1963 Prouse ([17], 2 ) Navier-
Stokes 1985 Marcati and Valli ([14], 3 )
:i) $0$
$[0, +\infty)$ ; ii) $(-\infty, +\infty)$




$\cos x+\cos(\alpha x+\theta)$ $(\alpha, \theta: )$
1990 Fr\"ohlich, Spencer and Wittwer [7], 1987 Sinai [18],
2002 Bourgain, Goldstein and Schlag [3]






$n(x, t)+\log n^{*}(|x’|)-\log n^{*}(R)$ no $(x)+\log n^{*}(|x’|)-\log n^{*}(R)$ $n(x, t)$
$n_{0}(x)$ (1) (2)
$\{\begin{array}{l}(\frac{\partial}{\partial t}-(\nabla\phi\cross earrow)\cdot\nabla)\Delta\phi=-\frac{c_{1}}{n}*\frac{\partial^{2}}{\partial x_{3}^{2}}(\phi-n)+c_{2}\triangle^{2}\phi,(\frac{\partial}{\partial t}-(\nabla\phi\cross \nabla)n=-\frac{c_{1}}{n}*\frac{\partial^{2}}{\partial x_{3}^{2}}(\phi-n) for x\in\Omega, t>0\end{array}$ (4)
$\{\begin{array}{l}(\frac{\partial}{\partial t}-(\nabla\phi\cross earrow)\cdot\nabla)\triangle\phi=-\frac{c_{1}}{n}*\frac{\partial^{2}}{\partial x_{3}^{2}}(\phi-n)+c_{2}\triangle^{2}\phi,(\frac{\partial}{\partial t}-(\nabla\phi\cross e\gamma. \nabla)n=-\frac{c_{1}}{n}*\frac{\partial^{2}}{\partial x_{3}^{2}}(\phi-n)+D\Delta nfor x\in\Omega, t>0,\end{array}$ (5)
(3)
$\vec{e}$ Stepanov (5), (3) (4), (3)
Sobolev-Slobodetski$T$
$\Omega$ : $R^{m}$ $(m=1,2,3, \ldots)$ $W_{2}^{l}(\Omega)(l\in R, l\geq 0)$
$\Vert u\Vert_{W_{2}^{l}(\Omega)}^{2}=\sum_{|\alpha|<l}\Vert D_{x}^{\alpha}u\Vert_{L^{2}(\Omega)}^{2}+\Vert u\Vert_{\dot{W}_{2}^{\iota}(\Omega)}^{2},$
Banach
$\Vert u\Vert_{\dot{W}_{2}^{l}(\Omega)}^{2}=\{\begin{array}{l}\sum\Vert D_{x}^{\alpha}u\Vert_{L^{2}(\Omega)}^{2} if l\in Z,|\alpha|=\iota\sum\int_{\Omega}\int_{\Omega}\frac{|D_{x}^{\alpha}u(x)-D_{y}^{\alpha}u(y)|^{2}}{|x-y|^{m+2(l-[l])}}dxdy if l\not\in Z.|\alpha|=[l]\end{array}$
$[l]$ $l$ $\alpha=(\alpha_{1}, \alpha_{2}, \ldots, \alpha_{m})$ $D_{x}^{\alpha}u=\partial^{|\alpha|}u/\partial x_{1}^{\alpha_{1}}\partial x_{2}^{\alpha_{2}}\ldots\partial x_{m}^{\alpha_{m}}$
$|\alpha|=\alpha_{1}+\alpha_{2}+\ldots+\alpha_{m}$ $1\leq p\leq\infty,$ $\Vert\cdot\Vert_{L^{p}(\Omega)}$
$P(\Omega)$
67
Anisotropic Sobolev-Slobodetski$\breve{}$ $W_{2}^{l,l/2}(Q\tau)(Q\tau\equiv\Omega\cross(0, T))$
$L^{2}(0, T;W_{2}^{l}(\Omega))\cap L^{2}(\Omega;W_{2}^{\iota/2}(0, T))$
$\Vert u\Vert_{W_{2}^{l,l/2}(Q_{T})}^{2}=\Vert u\Vert_{W_{2}^{l,0}(Q_{T})}^{2}+\Vert u\Vert_{W_{2}^{O,l/2}(Q_{T})}^{2}$
$\equiv\int_{0}^{T}\Vert u(t)\Vert_{W_{2}^{l}(\Omega)}^{2}dt+\int_{\Omega}\Vertu(x)\Vert_{W_{2}^{l/2}(0,T)}^{2}dx$
$X$ : $\Vert\cdot\Vert_{X}$ Banach $C(R;X)$ : $R$ $X$
$\epsilon>0$
$E_{\epsilon}(f) \equiv\{\sigma\in R|\sup_{x\in R}\Vert f(x+\sigma)-f(x)\Vert_{X}\leq\epsilon\}$
$R$ (relatively dense), $L=L(\epsilon)>0$
$a\in R$ $E_{\epsilon}(f)\cap(a, a+L)\neq\emptyset$ $f(x)\in C(R;X)$
(almost-periodic)
$S^{p}(R;X)$ ( $S^{p}(X)$ ) $(1\leq p<\infty)$ : $L_{loc}^{p}(R;X)$
$\Vert u\Vert_{S^{p}(X)}^{p}\equiv\sup_{s\in R}\int_{s}^{s+1}\Vert u(x)\Vert_{X}^{p}dx$
$\epsilon>0$
$G_{\epsilon}(g) \equiv\{\sigma\in R|\sup_{s\in R}(\int_{s}^{s+1}\Vert g(x+\sigma)-g(x)\Vert_{X}^{p}dx)^{1/p}\leq\epsilon\}$
$R$ $g(x)\in L_{loc}^{p}(R;X)$ Stepanov (Stepanov-almost-
periodic, $S^{p}$ ) $S_{ap}^{p}(R;X)$ ( $S_{ap}^{p}(X)$ ) : $R$ $X$
$S^{p}$
$\omega\tau\equiv\omega\cross(0, T),$ $k,$ $l\in Z,$ $k,$ $l\geq 0$ . :
$\tilde{S}^{\iota}(X)\equiv\{u\in S^{2}(X)|\Vert u\Vert_{\tilde{S}^{l}}^{2}\equiv\sum_{|\alpha|=0}^{\iota}\Vert D_{x}^{\alpha}u\Vert_{S^{2}(X)}^{2}<\infty\},$




$\Vert u\Vert_{s_{T}^{\gamma\iota/2}}^{2},\equiv\Vert u\Vert_{\tilde{S}^{l}(L^{2}(\omega_{T}))}^{2}+\Vert u\Vert_{\tilde{S}^{0}(L^{2}(\omega;W_{2}^{l/2}(0,T)))}^{2}$
$\vec{e}$ Stepanov (5), (3) (4), (3)
([12]).
Theorem l.1 $D>0,$ $n^{*}(|x’|)\in W_{2}^{2}(\omega),$ $n^{*}(|x’|)\geq n_{*}$ ( $n_{*}$ : ) ( $\phi$0, nO) $\in$
$\tilde{S}_{ap}^{4}(\omega)\cross\tilde{S}_{ap}^{2}(\omega)$ $\emptyset o(x)=\Delta\phi_{0}(x)=n_{0}(x)=0$ for $x\in\Gamma$
(5), (3) $T>0$
$(\phi, n)\in(\tilde{S}_{ap}^{5}(\omega;L^{2}(0, T))\cap\tilde{S}_{ap}^{2}(\omega;W_{2}^{3/2}(0,T)))\cross\tilde{S}_{ap}^{3,3/2}(\omega\tau)$
Theorem 1.2 $n^{*}(|x’|),$ $(\phi 0, no)$ $|$ Theoreml.1
(4), (3) $T>0$ $(\phi, n)\in(\tilde{S}_{ap}^{4}(\omega;L^{2}(0, T))\cap$
$\tilde{S}_{ap}^{2}(\omega;W_{2}^{1}(0, T)))\cross\tilde{S}_{ap}^{2,1}(\omega\tau)$
Theorem 1.1 :i) Stepanov
(5), (3) Stepanov Galerkin
;ii) $D$ apriori
Theorem 1.2 :i) $D$ apriori
$T$ ;ii) $Darrow 0$
;iii) Stepanov
Theorem 1.1 i)
2 Theorem 1.1 i)
2.1




$X$ $(i=\sqrt{-1})$ . $\psi$
Bohr-Fourier $\psi_{\xi}$
$\{\xi_{k}\}_{k\in N}:R\ovalbox{\tt\small REJECT}$ $k\neq k’$ $\xi_{k}\neq\xi_{k’}$ $m\in N$
$\mathcal{M}\{\Vert\psi(x_{3})-\sum_{k=1}^{m}\psi_{\xi_{k}}e^{-i\xi_{k}x_{3}}\Vert_{X}^{2}\}=\mathcal{M}\{\Vert\psi(x_{3})\Vert_{X}^{2}\}-\sum_{k=1}^{m}\Vert\psi_{\xi_{k}}\Vert_{X}^{2}$
$\sum_{k=1}^{m}\Vert\psi_{\xi_{k}}\Vert_{X}^{2}\leq \mathcal{M}\{\Vert\psi(x_{3})\Vert_{X}^{2}\}.$
$\epsilon>0$ $\Vert\psi_{\xi_{k}}\Vert_{X}>\epsilon$ $\xi_{k}$ $\ovalbox{\tt\small REJECT}$
$\Vert\psi_{\xi_{k}}\Vert x(\neq 0)$
$\Vert\psi_{\xi_{k}}\Vert_{X}>1, \frac{1}{m}\geq\Vert\psi_{\xi_{k}}\Vert_{X}>\frac{1}{m+1} (m=1,2,3, \ldots)$
$\xi_{k}$
$\xi\in R$ $\Vert\psi_{\xi}\Vert_{X}\neq 0$




Lemma 2.1 $\psi,$ $\psi’\in S_{ap}^{2}(X)$ Bohr-Fourier
$\Vert\psi-\psi’\Vert_{S^{2}(X)}=0.$








($\Lambda;R$ $\{a_{\xi}\}_{\xi\in\Lambda}\subset C$ ) $f$ Bohr-Fourier $=(6)$
$f\in S_{ap}^{p}(X)(1<p<\infty)$ $\{\gamma j\}_{j\in N}$ : $\Lambda$ basis,
(6) Bochner-Fej\’er sum $S^{m}(x)$
$S^{m}(x)=$





$a_{\xi}^{*}=\{\begin{array}{ll}a_{\xi} if \sum_{j=1}^{m}\nu_{j}\frac{\gamma_{j}}{m!}=\xi,0 if \sum_{j=1}^{m}\nu_{j}\frac{\gamma_{j}}{m!}\neq\xi\end{array}$
A A $\{\Lambda_{m}\}_{m\in N}$ $-\Lambda_{m}=\Lambda_{m},$ $\Lambda_{m}\subset\Lambda_{m+1}$
$\Lambda=\bigcup_{m}\Lambda_{m}$ $S^{m}(x)$
$S^{m}(x)= \sum_{\xi\in\Lambda_{m}}d_{\xi}^{(m)}a_{\xi}e^{i\xi x}$
$d_{\xi}^{(m)}$ $0\leq d_{\xi}^{(m)}\leq 1$ $\lim_{marrow\infty}d_{\xi}^{(m)}=1$ .
$d_{\xi}^{(m)}$ $\xi$ $m$ $a_{\xi}$
$\mathcal{F}\subset S_{ap}^{p}(X)$ $S^{p}-equi-$almost-periodic
$\epsilon>0$ $R$ $E_{\epsilon}$




Lemma 2.3 (6) $f\in S_{ap}^{p}(X)(1<P<\infty)$
Bohr-Fourier (6) Bochner-Fej\’er sums





Theorem 1.1 i) Proposition 2.1 Proposition
2.1
Propositions 2. 1-2.2
Proposition 2.1 $D>0,$ $n^{\Diamond}(|x’|)\in W_{2}^{2}(\omega)$ . $(\psi_{0}, no)\in(\tilde{S}_{ap}^{2}(\omega))^{2}$ $\psi_{0}(x)=$
$n_{0}(x)=0$ for $x\in\Gamma$ $(f,g)\in(\tilde{S}_{ap}^{1,1/2}(\omega_{T}))^{2}$
$(\psi, n)\in(\tilde{S}_{ap}^{3,3/2}(\omega_{T}))^{2}$
$\{\begin{array}{l}\frac{\partial\psi}{\partial t}-c_{2}\Delta\psi-n^{\Diamond}\frac{\partial^{2}n}{\partial x_{3}^{2}}=f,\frac{\partial n}{\partial t}-D\Delta n-n^{\Diamond}\frac{\partial^{2}n}{\partial x_{3}^{2}}=g for x\in\Omega, t>0,\psi(x, O)=\psi_{0}(x) , n(x, O)=n_{0}(x) for x\in\Omega,\psi(x, t)=n(x,t)=0 for x\in\Gamma, t>0\end{array}$ (7)
$\Vert\psi\Vert_{\tilde{S}_{T}^{3,3/2}}+\Vert n\Vert_{\tilde{S}_{T}^{3,3/2}}\leqc(\Vert\psi_{0}\Vert_{\tilde{S}^{2}}+\Vert n_{0}\Vert_{\tilde{S}^{2}}+\Vert f\Vert_{\tilde{s}_{T}^{1,1/2}}+\Vert g\Vert_{\tilde{S}_{T}^{1,1/2)}}$
Proposition 2.2 $\psi\in\tilde{S}_{ap}^{3,3/2}(\omega\tau)$ .




Proposition 2.1 $\Lambda\equiv\sigma(\psi 0)\cup\sigma(n_{0})\cup\sigma(f)\cup\sigma(g),$ $\{\Lambda_{m}\}_{m\in N}$ : $\Lambda$
$(S_{\psi}^{m}, S_{n}^{m})(x, t)=( \sum_{\xi\in\Lambda_{m}}d_{\xi}^{(m)}\psi_{\xi}e^{i\xi x_{3}},\sum_{\xi\in\Lambda_{m}}d_{\xi}^{(m)}n_{\xi}e^{i\xi x_{3}})(x, t)$
( (7) $x_{3}$
Fourier $\psi_{\xi},$ $n_{\xi}$ ). $m$
$(\mathcal{S}_{\psi}^{m},S_{n}^{m})$ apriori $\sigma\neq 0$
$(\mathcal{V}_{\psi\sigma}^{m}, \mathcal{V}_{n\sigma}^{m})(x,t)=(\mathcal{S}_{\psi}^{m},S_{n}^{m})(x’, x_{3}+\sigma,t)-(S_{\psi}^{m}, S_{n}^{m})(x’, x_{3}, t)$
$m$ $(\mathcal{V}_{\psi\sigma}^{m}, \mathcal{V}_{n\sigma}^{m})$ apriori
$(S_{\psi}^{m}, S_{n}^{m})$ $(\tilde{s}^{3,3/2}(\omega_{T}))^{2}$ $(\tilde{s}^{3,3/2}(\omega\tau))^{2}-equi$-almost-periodic
Lemmas 2.3
$X$ :Banach space. $\psi\in S_{ap}^{p}(X)(1\leq p\leq\infty)$ :
$\Vert S_{\psi}^{m}\Vert_{Sp(X)}\leq\Vert\psi\Vert_{S^{p}(X)},$
$\Vert S_{\psi}^{m}-\psi\Vert_{S^{p}(X)}arrow 0$ as $marrow\infty$
Lemma 2.4 $(\psi_{0}, no, f, g)\in(\tilde{S}_{ap}^{2}(\omega))^{2}\cross(\tilde{S}_{ap}^{1,1/2}(\omega_{T}))^{2}$ . $\epsilon>0$
$E_{\epsilon}=\{\sigma\in R|(\Vert\Psi_{0\sigma}\Vert_{\tilde{S}^{2}}^{2}+\Vert N_{0\sigma}\Vert_{\tilde{S}^{2}}^{2}+\Vert F_{\sigma}\Vert_{\tilde{S}_{T}^{1,1/2}}^{2}+\Vert G_{\sigma}\Vert_{\tilde{S}_{T}^{1,1/2}}^{2})^{1/2}\leq\epsilon\}$ $R$
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